In 1969, K. Nishimurai~ reported a strain of Aspergillus fumigatus which invaded particularly the brain of mouse. Successively, K. Fujiwara et a1.2~ investigated 25 strains of Aspergillus fumigatus and found that only two of them severely affected the brain of mouse. These results seem to show that the virulence of Aspergillus fumigatus to the central nervous system of mouse varies from strain to strain. In the present paper, being also concerned with the invasion of the brain of mouse by Aspergillus fumigatus, the growth of the species in the brain was examined quantitatively.
In 1969, K. Nishimurai~ reported a strain of Aspergillus fumigatus which invaded particularly the brain of mouse. Successively, K. Fujiwara et a1.2~ investigated 25 strains of Aspergillus fumigatus and found that only two of them severely affected the brain of mouse. These results seem to show that the virulence of Aspergillus fumigatus to the central nervous system of mouse varies from strain to strain. In the present paper, being also concerned with the invasion of the brain of mouse by Aspergillus fumigatus, the growth of the species in the brain was examined quantitatively.
Materials and Methods
Strains: Aspergillus fumigatus strains AUGE and NICE were used, Strain AUGE was isolated from a patient suffering from aspergillosis of the eye. Experimentally, the strain invades severely the tissues of the brain of mouse02~. Strain NICE was isolated from the esophagus of a woman and the strain affected ordinarily the brain.2~ These two strains were stored on potato dextrose agar at room temperature.
Animals : Male mice of dd line weighing 22 1 g were used for the animal experiment.
Inoculation: Spore suspensions were prepared in 1/15 M phosphate buffer (pH 7.4 and supplemented with 0.01 `I'weeii 80) from 10 days cultures on potato dextrose agar at room temperature.
The number of spores was deterrnined by the direct count with T'homa's hemocytometer chamber. Fifty mice were used for the test of each strain, and each mouse was injected intravenously 5 10 spores of the strain suspended in 0.2 ml phosphate buffer solution. At intervals of 4 hours 2 mice for each strain were sacrified and examined macroscopically and microscopically.
Determination of growth: After fixation with 10°~ formalin solution, the brain of mouse was cut from three directions (section A, B and C). The section A was made by cutting horizontally along with the straight line (LP in Figure 1 ) that connects the olfactory brain and the upper part of the external ear hole. `I'lie section B or C was made by cutting vertically along with the straight line (MQ or OR in Figure 1 ) that is l)erpendieular to the line LP from a given point 9 or R, i1I is the midpoint of the line LN and O is the midpoint of the line NP. then by using nrielometer, the area of section A was measured (this was termed total area). The sum of areas showing the growth of the hyphae on the section A was also measured (this was termed growth area). The ratio of the growth area to the total area was calculated with the average data from two mice. The equation was written as follows :
The extent of growth (%) _ a+b+c+ .....
. (growth area)
A(total area)
x 100
Stainings : Each section was stained with hematoxylin-eosin, periodic acid-Schiff stain of Hotchkiss-McManus, luxol fast blue and cresylechtviolet.
Results
The growth of the strain AUGE in the brain of mouse is shown in Table 1 The strain NICE showed a different growing pattern. At 32 hours, small purulent lesions were seen sporadically in the brains of mice (Figure 11 ). In the center of the lesion a few hyphae were observed ( Figure 12 ). Although afterwards the hyphae grew to a little extent, the strain NIGE did not attained to the logarithmic phase as the strain AUGE. Macroscopical and microscopical findings of the brains of mice are summarized in Tables  2 and 3 .
Grossly, the brains of mice inoculated the strain AUGE were conspicuously swollen at 64 hours, and on the surface of the organs several hemorrhagic areas were observed. On the other hand, the brains of mice injected the strain NIGE were never swollen, although on the surface of them a few hemorrhagic areas were found.
Microscopically, the tissues of the brains inoculated the strain AUGE were conspicuously damaged in proportion to the growth of hyphae. At 28 hours after inoculation a few hyphae appeared in the tissues, and a few glia were observed around the hyphae (Figure 3) . At 32 hours several necrotic foci with hyphae were observed, but cellular infiltrates were scarecely found ( Figure 4) . It was characteristic of the strain AUGE that cellular infiltration around hyphae did not occur in the early stage of the growth of the hyphae. At 56 hours the growth of hyphae in the brains quickened abruptly, and in proportion to it the lesions greatly enlarged. The necrotic areas contained remnants of pyknotic and karyorrhectic nuclei. Extravasation of erythrocytes was clear in many lesions. Perivascular infiltrations at the periphery of the large necrotic foci were observed. They consisted mainly of polymorphonuclear leukocytes. Many of the small vessels were occluded by fibrin and hyphae. Hyphae penetrated the walls and invaded the surrounding tissue.
On the other hand, in the brains of mice injected the strain NICE at 36 hours small, disseminated lesions that were composed of aggregates of leukocytes ( Figure 11 ) and a few hyphae appeared (Figure 12 ). The lesions then increased in number and necrotic and hemorrhagic areas were observed. But hyphae never grew abundantly as the strain AUGE.
Discussion
In 1969, Nishimurai~ reported a strain of Aspergillus fumigatus which, when injected intravenously, invaded particularly the brain of mouse. In 1969, Fujiwara et a1.2~ studied on the invasion of the brain of mouse by Aspergillus fumigatus. They measured quantitatively the growth of different strains in the brain of mouse and found that only 2 out of 25 strains invaded severely the brain of mouse. Thus the strains of Aspergillus fumigatus greatly differed in their ability to invade the brain of mouse. Up to now, there were several experimental studies on aspergillosis in the central nervous system.3~4>5>6»> In these studies, although histopathologic findings were described in detail, treatment of mycological aspects was quite unsatisfactory. Also the growth of hyphae was described only qualitatively but not quantitatively. As we reported, the virulence of Aspergillus fumigatus towards the brain of mouse extremely varied from strain to strain. Besides, affected areas of the brain extended in proportion to the growth of hyphae. Therefore, in the experiment of infection with the fungus the selection of strains employed is highly important. In 1970, Laovoravit7~ studied in detail the aspergillary infection in the central nervous system using rabbits. Laovoravit7~ observed that short, septated hyphae penetrated into the brain substances of rabbits through the vascular wall at 12 hours after inoculation, while in our experiment using the strain AUGE hyphae appeared in the brain substances of mice at 28 hours. Further, Laovoravit7~ stated that at 24 hours after inoculation numerous branching hyphae were seen in the subarachnoid compartment, and in many places fungal filaments extended from the subarachnoid space into the molecular of the cerebral and cerebellar cortex through the glia-pial membrane and leukocytes were observed. In our results using the strain AUGE, at 28 hours spores germinated, and hyphae were sporadically found in the brain of mouse. During 28 and 52 hours hyphae grew gradually. This stage was equivalent to the accelerated growth phase in bacteria. That is to say, after germination in the brain of mouse young hyphae has to pass a period of the accelerated growth phase (it takes about 24 hours). After 56 hours, hyphae began to grow explosively, namely entered the logarithmic phase. The growth of hyphae in the brains reached the maximum at 74 hours (Figures 9 and 10 ) and at this time the mortality of the animals was the highest; only few animals survived more than one week. 2) Spores of a strain of Aspergillus fumigatus (Strain AUGE), when injected into the mouse intravenously, germinated in the brain at 28 hours after inoculation.
3) After germination hyphae of the strain AUGE passed a period of the accelerated growth phase of about 24 hours. A few glia surrounding the hyphae were present. 
